For the formation of oligothiophenes or thiophene cooligomers, a preconnected method using zirconacyclopentadienes was demonstrated. Oligoynes of 4,4-bis(butoxymethyl)-1,6-heptadiyne linked through bithiophene were prepared where all components and diyne moieties were connected in advance before converting to zirconacyclopentadiene-containing precursors. Treatment of the reactive zirconacyclopentadienes in the preconnected precursors with acid, dimethyl acetylenedicarboxylate or sulfur monochloride afforded different oligothiophenes or thiophene co-oligomer derivatives.
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Oligomers of thiophene or co-oligomers of thiophene with other aromatic components have attracted much attention in relevance to electronic organic materials. 1 Synthetic methodology of these oligomers or co-oligomers is an interesting topic. The most general conventional method is the connection of separate components in the presence of a catalytic or equivalent amount of metal compounds as shown in Scheme 1.
2 Previously our group and others have demonstrated a Zr-mediated method which involves the conversion of the zirconacyclopentadiene moiety in the precursors into some component as shown in Scheme 1.
3
We have reported Ni-catalyzed polymerization of dibromoterphenyl units. 3a The dibromoterphenyl unit was prepared by this zirconium-mediated method. For the formation of the phenylene copolymers, Tilley and co-workers have reported a method via zirconium-containing phenylene precursors which were prepared by coupling of phenyl-bridged diyne units on zirconium (Scheme 2).
3b Herein, we would like to report a novel method for preparation of zirconium-containing precursors using a preconnected method (Scheme 2) for constructing oligomers of thiophene or co-oligomers of thiophene and other conjugated fragments. The preconnected method helped to produce a welldefined conjugated backbone with complete regioselectivity of zirconacyclopentadienes. This is in sharp contrast to a coupling method on zirconium which gives a mixture of several components and regioisomers.
Preconnected oligodiynes were prepared by the Sonogashira Hagihara coupling of a terminal diyne and bromo bithiophene. 2,2¤-Bithiophene was chosen as an oligothiophene and 4,4-bis(butoxymethyl)-1,6-heptadiyne as a terminal diyne unit. By careful control of the equivalent ratio of bromo substrate and diyne, oligodiyne 1a, 1b, and 1c were prepared in 83%, 85%, and 64% yields, respectively (Scheme 3). 4 These oligodiynes were isolated as viscous light to dark yellow oils. All oligodiynes were well soluble in common organic solvents such as THF, CHCl 3 , or EtOAc and fully characterized by 1 H NMR, 13 C NMR, and HRMS.
Oligodiynes 1a, 1b, or 1c were treated with one, two, or three equiv of Cp 2 ZrBu 2 (Negishi reagent) 5 which was prepared in situ by the reaction of Cp 2 ZrCl 2 with 2 equiv of n-BuLi in THF at 
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Scheme 3. Oligomers of diyne and ZCP connected by thiophenes.
¹78°C for 1 h, and stirred at room temperature for 5 h to afford the corresponding zirconacyclopentadiene (ZCP)-inserted oligothiophene intermediates 2a, 2b, or 2c almost quantitatively (monitored by TLC). Noticeably, cyclization occurred exclusively intramolecularly among adjacent diynes. The presence of active zirconacycle intermediate was confirmed by 1 H NMR and 13 C NMR spectra. The colors of the ZCP intermediates were observed to be greatly changed depending on the conjugation length, for instance, monomer was deep yellow but dimer and trimer were red and violet color respectively.
Intermediate ZCP is very reactive toward a large number of substrates like alkynes, nitriles, or halides of a variety of main group elements (germanium, tin, phosphorus, sulfur, etc.) to construct aromatic or heteroaromatic fragment in situ. 6 So far, we succeeded in converting ZCP-containing oligomers to three kinds of oligothiophene derivatives (Scheme 4) under the given set of conditions. Protonation of ZCP intermediate 2a with 3 M aqueous HCl produced oligothiophene derivative 3a as a deep yellow powder in 89% yield. In the backbone of oligomer 3a, there is a 1,3-butadiene unit bridging the thiophene fragments. Such butadiene unit is more flexible than the aromatic rings and could be further manipulated to various derivatives by deprotonation or cycloaddition reactions. Previously we reported that coupling of a zirconacycle with a third alkyne like dimethyl acetylenedicarboxylate (DMAD) in the presence of CuCl gives benzene derivative. 7 A similar procedure worked in 2a to afford phenylenethiophene co-oligomer 4a in 68% isolated yield. By employing different kinds of third alkyne we could produce a large variety of phenylene derivatives, furthermore, the functional groups on the phenylene unit could be utilized for further structural modification. When mono-ZCP 2a was treated with sulfur monochloride (S 2 Cl 2 ) 8 at room temperature, zirconacycle was converted to a new thiophene ring which lead to an all-thiophene chain. Pentathiophene derivative 5a was isolated as an orange-yellow powder in 72% yield. These results indicated that our thiopheneconjugated ZCP is very reactive toward different kind of substrates. Further, we envision that this zirconacycle could be easily replaced by other heterocycles like phosphole, silole, germole, and so on. 8 Being encouraged by the reactivity of mono-ZCP 2a, we became interested in exploring similar reactions of di-ZCP 2b and tri-ZCP 2c (Figure 1) . Protonation of di-and tri-ZCP produced multiple butadiene unit connected oligothiophene derivatives 3b and 3c respectively. These products were isolated as red or violet colored powder in 78% and 81% yield. Cycloaddition reaction with DMAD also proceeded smoothly to afford phenylene thiophene co-oligomers 4b and 4c in 47% and 49% isolated yields, respectively. Furthermore, the reaction of S 2 Cl 2 with di-ZCP formed two new thiophene rings in situ which lead to an octathiophene derivative 5b. This derivative was isolated as a deep red powder in 46% yield. All the derivatives were air stable. They were well soluble in common organic solvents like CHCl 3 or EtOAc due to the presence of O-butylated groups. All the products were purified and fully characterized by 1 H NMR, 13 C NMR, and MS.
The optical behavior of the prepared oligothiophene derivatives were investigated by measurements of UVvis absorption and emission spectra in chloroform ( Table 1 ). The absorption wavelength ( abs ) and molar extinction coefficient (¾) of oligothiophene derivatives were observed to increase with increasing effective conjugation length which is consistent with the normal trend. Protonated oligothiophene derivatives 3a, 3b, and 3c have an intense absorption band at 441, 497, and 515 nm respectively. The absorption maximum was red-shifted by 56 nm for dimer 3b to monomer 3a but 18 nm for trimer 3c to dimer 3b (Figure 2 ). The molar extinction coefficient was found to increase greatly with increasing conjugation length. They do not have significant emission in chloroform. Benzene derivatives 4a, 4b, and 4c absorb at 341, 354, and 358 nm respectively and all emit at 473 nm (Figure 3) . Absorption and emission wavelengths of benzene derivatives were not much different between monomer and oligomers but extinction coefficient and quantum yield 9 were increasing with longer conjugation length. Penta-and octathiophene derivatives 5a and 5b have intense absorption maxima at 429 and 475 nm. That indicates abs for dimer was red-shifted by 46 nm than monomer. These all-thiophene derivatives 5a and 5b intensely emit at 486 and 543 nm respectively (Figure 4 ). Unlike the benzene derivatives, abs and em for all-thiophene derivatives were observed to change greatly for increasing conjugation length besides they have significantly higher absorption and emission wavelength which indicates shorter optical energy gap than phenylenethiophene co-oligomers. Further studies of these oligothiophene derivatives are in progress.
In summary, we have demonstrated a preconnected approach to access a wide range of thiophene co-oligomers. This method always produces precise conjugated systems which helps to get very pure product and permits systematic study of the structure property relationship. Multiple ZCP-containing thiophene oligomer precursors were prepared by this approach. Herein we have reported conversion of those intermediates to three kinds of derivatives and primarily studied UVvis and emission spectra to realize their optical nature. Those oligothiophene derivatives have two active ¡-H at thiophene ring in both ends which could be further manipulated to obtain desired efficiency. This paper is in celebration of the 2010 Nobel Prize awarded to Professors Richard F. Heck, Akira Suzuki, and Ei-ichi Negishi. wavelength/nm 5a-abs 5a-emis 5b-abs 5b-emis Figure 4 . Comparison of absorption and emission spectra of allthiophene oligomers in CHCl 3 at rt.
